The magnetic dipole moment of a particle is a fundamental property. Its magnitude is different from zero for all known massive elementary particles. In contrast, no magnetic moment exists for photons in vacuum 6 . It is the purpose of this letter to
demonstrate that when light propagates though matter it can behave as if it has acquired a magnetic momentum. Notably, in the field of solid state physics it is well known that the environment can modify a particle's properties, and common concepts here include e.g. the effective mass or charge of an electron 7 .
In our experiment, we study the deflection of a circularly polarized optical beam in a Stern Gerlach-like magnetic field gradient under the conditions of electromagnetically induced transparency in a rubidium vapor cell. We find that the optical beam is deflected by an angle of typically several 10 -5 rad, with a smaller group velocity leading to a larger deflection. We interpret our results in terms of the dark polariton, as the quasiparticle that is physically associated with the slow light propagation, having a nonzero magnetic moment. The deflection can be understood in a simple model by considering the mechanical force F = ∇ ∇ ∇ ∇ (µ µ µ µ pol . B(r)) onto the hybrid light-matter quasiparticle with magnetic moment µ µ µ µ pol in the spatially inhomogeneous Stern-Gerlach magnetic field B(r). The origin of the magnetic moment is attributed to the spin wave contribution of the polariton that develops upon the entry of light into the medium, and in agreement with theoretical expectations.
Before proceeding, we note that it is well known that the spectral position of dark resonances is very sensitive to magnetic fields, and both absorptive and dispersive
properties of these resonances can be used for magnetometry 8 . Slow light experiments directly illustrate the highly dispersive nature of electromagnetically induced transparency [2] [3] [4] . More recently, a stopping of light was also demonstrated 9, 10 . We furthermore wish to point out that the deflection of optical beams in external fields has been subject to earlier works [11] [12] [13] . In recent experiments, angle deflection was observed caused by spatially inhomogeneous optical pumping and saturation effects 12, 13 . In other work, beam focusing has been achieved by a spatially inhomogeneous modification of the refractive index with a pump beam 14 . In contrast to all earlier works, the effect observed here gives access to the intrinsic magnetic dipole moment of a light-matter quasiparticle. The obtained optical beam deflection is interpreted in terms of the SternGerlach effect for the quasiparticles.
Our experiment is carried out in a heated buffer gas cell with light tuned to the rubidium ( 87 Rb) D1-line. The observed effects can be understood by considering the Λ-type three-level configuration shown in Fig. 1a . The levels are coupled by two optical fields, a weaker "signal" field and a stronger "control" field. confirmed that indeed field gradients give rise to a beam angle deflection, as is expected for a non-zero magnetic moment of the dark state polariton. This reaches its maximum absolute value near zero two-photon detuning, where also the transparency is maximal.
We interpret our results in terms of a proof of principle experiment demonstrating that the dark polariton exhibits an effective magnetic moment. The presence of such a dipole moment is attributed to the atomic spin-wave contribution.
In a mechanical model , the expected angle deflection of a polariton subject to a transverse magnetic force dB z dx for a dipole moment µ pol aligned collinearly to the bias field is for small deflection angles given by α ≅ F t int /p with F = dB z dx µ pol . Here, t int = L/v g denotes the interaction time with L as the cell length (≅50 mm here), v g the optical group velocity and p = nhk the photon momentum 15 , for which we take the free space value since the refractive index n here is very close to unity. We arrive at an expected deflection angle
which is proportional to the time that a dark polariton is subject to the deflecting field gradient. To monitor the experimental dependence of the deflection on this interaction time, we have recorded the beam deflection at two-photon resonance for different control laser intensities as to vary the optical group velocity 5 . In a separate measurement, for each of those control laser intensities the corresponding optical group velocity was measured by observing the delay that a gaussian-shaped signal beam pulse experienced when passing though the cell. from the transversally dependent dispersive properties of the dark resonance, and in the limit v g << c is given by one Bohr magnetron for the used atomic transition (see methods). Note that also for a 'usual' Stern-Gerlach experiment carried out e.g. with a neutron beam the observed angle deflection can also be described alternatively in particle or wave-nature pictures (the latter here certainly being less common), as follows from the well known quantum-mechanical wave-particle duality. Our experimental value for the dark polariton magnetic moment is a factor of 1.8 lower than the theoretical result, and thus clearly of correct order of magnitude. For the future, it is believed that a refined theoretical model accounting for the finite control beam intensity and connecting the effective polariton interaction time with our pulsed group velocity measurement is required. Ideally, the experiments should be carried out with an ultracold rubidium source, which should allow for very detailed comparisons of theory and experiment.
We expect that the observed effects can have applications in the field of quantum information storage and manipulation in optical gases for switching applications and the addressing of parallel channels [16] [17] [18] . A different perspective would be to search for signatures of the Aharonov-Casher effect with slow light originating from the interaction of the effective magnetic dipole moment with an external electric field 19, 20 . Such an experiment could further elucidate the quantum properties of the dark polariton.
Methods

Experimental setup
Our setup is a modified version of a previously described apparatus 21 . Both signal and control optical beams are derived from the same grating-stabilized diode laser source operating near 795 nm. The two beams pass independent acousto-optical modulators to allow for a variation of the optical difference frequency, are spatially overlapped and then fed through an optical fiber. Subsequently, the collinear beams are expanded to a 2mm beam diameter, and with oppositely circular polarizations sent through a rubidium cell subject to the Stern-Gerlach field. We use a heated rubidium gas cell filled with 20
torr Ne buffer gas. To generate the desired magnetic gradient field, we place a µ-metal stripe mounted parallel to the optical beams into an otherwise homogeneous magnetic field. This ferromagnetic stripe is considerably longer than the cell, and acts as a shortcut for the magnetic flux. At the cell side directed to this stripe, the field is lowered which results in a transverse magnetic field gradient. In our experiment, the control field intensity was usually much stronger than that of the signal field, so that most of the relevant population was in the F = 2, m F = -2 ground state sublevel. Under these circumstances, the states |g ->, |g + > and |e> of the simplified three-level system (Fig. 1a) correspond to the m F = -2, F = 2 and m F = 0, F = 2 ground state and the m F = 1, F'= 1 excited state sublevels of the rubidium D1-line components respectively.
Theoretical model
The deflection of the slow light beam can be described theoretically both by a waveoptics and a particle model respectively, with the latter incorporating the concept of the dark polariton. Let us begin this section by outlining the wave-optics description, for which we assume that the response of the ensemble of three-level atoms to the signal field is such that it can be described by a refractive index for the signal field.
Transversely to the beam axis, the magnetic field gradient causes a spatial variation of the two-photon detuning of 2 g F µ B The observed optical beam deflection must also be present in a quantum-mechanical particle description, where the light propagation though the medium is described by the propagation of hybrid atom-light quasiparticles, i.e. dark polaritons for the EIT medium.
To allow for a determination of the Stern-Gerlach force, the expected polariton magnetic moment is determined as follows. Consider a quantum signal field connecting the states |g-> and |e> with coupling constant g and a classical control field driving the transition between levels |g + > and |e> with a Rabi frequency Ω for an ensemble of N identical three-level atoms (Fig. 1a) . Following [5, 22] , we define a mixing angle of atomic and 
